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Iiimnmo logicnl Defection of Prions 

Field oT the Invention 

The present invention relates to monoclonal antibodies reacting witii certain 
epitopes of recombinant bovine prion protein, native and denatured normal or disease- 
specific prion proteins in soluble or insoluble slate, stable hybridoma cell lines producing 

10 these monoclonal antibodies, recombinant expression vectors for the expression of 
recombinant bovine prion protein, purified recombinant bovine prion protein, a test kit for 
the diagnosis of prion diseases, diagnostic methods for the immunological detection of prion 
diseases, pharmaceutical preparations for the prevention and therapy of prion diseases, a 
method for clearing biological material from infectious prion proteins, and methods for the 

15 production of these materials. 



Abbreviations used hereinbefore and hereinafter are the following: 





BSA 


bovine semm albumin 




BSE 


bovine spongiform encephalopathy 




CSF 


cerebrospinal fluid 




CJD 


Creutzfeldt-Jakob disease, 




ECL 


enhanced chemiluminescence 




EDTA 


ethylenediaminetetraacetic acid 




ELIFA 


enzyme linked immuno filtration assay 




ELISA 


enzyme linked immuno sorbent assay 




Fab 


fragment of antibody digested with papain 




(Fab')2 


fragment of antibody digested with pepsin 




FFI 


Fatal Familial Insomnia 




GPI-anchor 


glycolipid-anchor which „ties" PrP to the ouside of the cell memb 




GSS 


Gerstmann-Straussler-Scheinker disease 




H(A)T-medium 


hypoxyamhine-(aminopterin)-thymidine medium 
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* N:IM*.S hv(Jr()xycrliyl-|)ipcr;i/if)cc(liaiie suHumc acid 

'lf^L>(* high pci rorinaiicc hciuicl cluonialogiaphy 

IgG irniiiunoglobuhii ("j 

*r*TG isopropyl-B-D-ihiogalacloside 

iiiAJi monoclonal aiuibody 

MOPS moiphohnepi opancsulfonic acid 

NC nitrocellulose membrane 

o/n overnight 

I^BS phosphate-buflered saline 

PCR polymerase chain reaction 

P'''0" proteinaceous infectious particle; the infectious agent of prion diseases, 

supposedly consisting at least of PrPSc and maybe another yet unknown 
molecule 

prion protein; refers to the common amino acid sequence rather than to a 
distinct conformation of liie two prion protein isofornis 
PrpO/0 -mice "^'^e lacking a functional PrP gene 

PrPC a normal host prion protein of unknown function; apparent molecular 

weight 33-35 kDa, same amino acid chain, and same glycosylation at two 
asparagine residues as PrpSc^ is after proteinase K treatment fully 
digested. 

PrP^^ the disease-specific, abnormal isoform of PrpC^ with the same amino acid 

chain, apparent molecular weight 33-35 kDa. glycosylated at two 
asparagine residues, is after proteinase K treatment shortened to a 27- 
30 kDa C-terminal fragment. Species-specific PrpSc isoforms term: 
human PrpSc (instead of PrpCJD)^ bovine PrpSc(instead of PrPBSE) etc 

^^^^^^ recombinant bovine prion protein (amino acids 25 to 242 of the bovine 

PrP gene according to Goldmami et al. 1991; with an additional N- 
terminal methionine) expressed in E. coli comprising the bovine PrP open 
reading frame except for the N-tenninal signal sequence and the C- 
terminal GPl-anchor sequence, both are cleaved of during cellular 
processing. Since this protein is not glycosylated it has a molecular weight 
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^ ' room temperature 

scrapie-associated fibrils; same as rods plaque-like niultiineric PrPSC 

aggregates 
SDS sodium dodecyl sulfate 

^ •^51 Tris-buffered saline. Tweeii 20 

TMB tetrainelhylbenzidine 
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Prion diseases are transmissible neurodegenerative diseases of tlie central nervous 
system (for review see Poisiner. 1991). They can be transmitted, inheriied or occur 
sporadically and are obser^^ed in animals (e.g. bovine spongiform enceplialopatliy [BSE] in 
cattle, scrapie in siieep) as well as in humans (Creutzfeldt-Jakob disease. Gerstmann- 
Straussler-Scheinker syndrome. Fatal Familial Insomnia. Kuru). Prion diseases have a 
characteristically long incubation period and. with the onset of clinical symptoms, lead to 
ataxia, dementia, psychiatric disturbances and sleeplessness before inevitable death occurs. 
Neuropathological changes include vacuolar degeneration of brain tissue, astrogliosis and 
amyloid plaque formation. In the infected subjects, neither a systemic immune response, nor 
an obvious specific immune response like antibody production to PrP has been obseived 
(Kasper el al., 1982, Garfin et al.. 1978) however, some unspecific activation of immune 
cells in the brain was reported (Williams et al.. 1995; Williams et al.. 1994). 

The infectious agent appears to exist in a variety of strains, which cause distinct 
incubation times and histopathology (Bruce et al., 1994; Hecker et al., 1992). Transmission 
of prion diseases is possible between species and most easily within the same species 
(Prusiner. 1991). 

The infectious agent, the prion, is associated with a disease-specific protein, PrpSc 
that is an abnormal isoform of a host protein, PrpC (Qesch et al.. 1985, Basler et al.. 1986) 
Both, PrpSc and PrpC. have an apparent molecular weight of 33-35 kDa on SDS- 
polyacrylamide gels. They have the same amino acid sequence and are glycosylated at two 
asparagine residues (Oesch et al . 1985) Afier proteinase K treatment, PrpSc is shortened 
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lo i. d.iuactcnstic :7..?o kOa Iragmcnl wliilc I'l I'( ,s r„llv d.gcsicci (Holion ct al . IMS:, 
Oescl. cl al . i^X?). th,.s led to llie conclusion lliai ilic cliscasc-specific isoConn i',V^c „ 
pariially protease rcsistaiil while llie normal host isoforin I'll'^^" is not 

Studies on the synthesis and localization of the two I'rl' isofornis in cultured 
^ cells have shown that I'rI'C is attached to the cell surface by a glycosyl phosphatidylinos.tol 
(GIM) anchor winle P.pSc accumulates intracellularly w,thi„ cytoplasmic vesicles (Slahl e( 
al.. 1987) Another diflerence between PrPC and PrpSc is ,enected in their three- 
dimensional stmcture PrpSc has less alpha helical secondao' stmctures and increased beta 
sheet content as compared to PrPC (Pan et al.. 1993) So far. no chemical difTerences 
10 between the two isoforms have been obsei-ved (Stahl et al . 1993). In summary. PrPSc and 
PrPt- have the same amino acid sequence but a different folding The misfolded prion 
protein is associated with infeclivily and neurotoxicity 

The infectious agent is inactivated by treatments which denature proteins while 
reagents destroying nucleic acids have no effect (Diener et al . 1982; Alper et al.. 1978) In 
15 addition, no single nucleic acid capable for coding a protein has been purified until dale 
(Riesner et al.. 1993). This has lead to the hypothesis that PrpSc itself might comprise the 
infectious particle (Griff-tl, 1967; Prxisiner. 1982). According to this hypothesis, replication 
of infectivity is achieved by the replication of the pathogenic conformation. It is supposed 
that infectious PrpSc molecules convert the normal host protein PrpC (o the PrpSc 
20 conformation (Cohen et al . 1 994). Conversion of PrpC to PrpSc was claimed to have been 
achieved vitro therby mimicking species and strain characteristics comparable to the 
conversion dynamics /;/ w w (Kocisko et al.. 1994; Bessen et al.. 1995), However, these in 
vitro converted PrpSc „,olecuIes have, to date, not shown to be infectious. 

The function of the normal host protein. PrPC is unknown. Mice devoid of PrpC 
25 are viable and show no obvious signs of neurological and physical impairment (Bueler et al . 
1992) In addition, these mice are not susceptible to infection with prions, underlining the 
central importance of PrP in the replication of infectivity and/or pathology of these diseases 
(Bueler et al.. 1993; Pa.siner et al.. 1993). More subtle investigations of PrP knockout mice 
revealed impaired synaptic function (Collinge et al.. 1994) and altered sleep regulation 
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(Toblci CI al , 1906) \\owc\'cr. a molccuiar liinclioii ol could not l)c deduced from 

llicsc liiidinus 



i'rioii diseases have gained public iiitcresl with the appearance of BST: in the early 
eighties in Great Britain (Hope et al . 1988); for review see (Wells and Wilcsiiiiih. I9«:;5) 
Tlie disease is supposed to have been (ransmilled by feeding prion-contaminaled meat and 
bunc meal to cattle. It is thought that BSIL prions originated (Vom sciapie-diseased sheep by 
crossing the species barrier from siieep to cattle, BSE has caused an epidemic of 
considerable importance for both, public health and cattle-dependent economy Remarkably, 
no diagnostic method suitable for mass screening of infected tissues of cattle has been 
developed to date. 

Initial diagnosis of prion diseases classically relies on the appearance of clinical 
symptoms A definitive diagnosis is made by the obsei-vation of neuiopathological changes 
in the medulla oblongata. In few cases, BSE has been shown to be transmissible to other 
cattle, sheep, pigs and mice. Modern diagnosis additionally uses immunological detection of 
PrpSc i„ brain sections Since PrpSc can be detected in the CNS aRer half of the incubation 
time in experimentally infected laboratory animals (Jendroska et al.. 1991; Meeker et al , 
1992), it may serve as an early marker of infection. Hence, specific and sensitive detection 
of PrPSc allows the identification of infected animals at a subclinical stage and will help to 
reduce possible human health risks. By autumn 1996, the BSE epidemic has killed over 
1 60*000 cows in Great Britain alone. In the absence of a diagnostic test, only cattle with 
clinical symptoms were sorted out from being further processed, allowing a great number of 
BSE- infected cattle to enter the human food chain (Anderson et al., 1996). This lead to the 
suspicion that the appearance of a new variant of Creutzfeldt-Jakob disease in Great Britain 
was caused by transmission of BSE to humans (Will et al , 1996, Collinge et al.. 1996) A 
sensitive detection method for bovine PrpSc will allow the identification and removal of 
subclinical BSC-cases from the human food chain. 

Oesch et al. (1994) have used a procedure that allows to quantitate the disease- 
specific isoform of PrP in hamsters. The procedure is ba.sed on an ELIFA (enzyme-linked 
immuno-filtration assay), and is adapted to the particularities of the prion protein, especially 
the poor solubility of the disease-specific isoform that has made application of conventional 
ELISA techniciues difficull This procedure (described in detail below) allows for testing of 
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tticursands of samples and .s thus appiopnatc lo, .outinc suecnmg oranimais a.ui humans 
Ibi pi ion diseases 

Tagl,av,n, cl ^\ (WO 9.5/23432) dcscbc . .nctl.od for dclcct.ng soluble prion polypepl.dcs 
Tl.c drawback ofthis .netl.od is that the inventors claim to delect prion poypeptidcs that are 
5 soluble in vivo, however. ,t is known since a long tune that the disease-associated prion 
protein I'rI'Sc is insoluble in vivo Slate of the art is that insoluble I>rpSc has to be 
solubilized in vitro to be detected by immunological methods. Tagliavini ct al state (page 3, 

-"^ t'-uncaled scrapie proteins have not been found lo exist in vivo in 

substantially soluble fomV Fui thennore. the inventors give an example wherein (hey show 
<) soluble prion polypeptide fragmenls in the cerebrospinal fluid (CSF) of patients that do not 
suffer of the human prion disease CJD but of oilier unrelated diseases. However, the 
inventors do not show in vivo soluble protease-iesistant prion polypeptides which would 
prove their hypothesis about the existence of disease-specific prion poiypelides in CSV. in 
addition, to show prion polypeptides in CSF they use an imiminoblot (Western blot); this 
technique is not appropriate lo detect naturally occuring soluble prion polypeptides, since 
the iininunoblol technique requires solubilization of proteins in viuo prior to gel 
electrophoresis. This procedure would then solubilize even insoluble prion polypeptides that 
would be suspended in CSF. 

Major shortcomings for the immunological detection of PrP have been the 
20 unavailability of excellent antibodies able to detect the native disease-specific prion protein 
(Kascsak et al., 1987; Barry and Prusiner. 1986; Takahashi et al., 1986; Bari7 et al., 1986) 
in particular, native PrpSc was invisible to antibodies (Serban et al., 1990). Furthermote, no 
inonoclona! antibodies recognizing the bovine PrP were available. The reason for the 
difTiculties i.i raising monoclonal as well as polyclonal antibodies is the highly conserved 
25 amino acid sequence of PrP in mammals which apparently prevents an antibody response 
against most epitopes. 

Kascsak et al.. (1987) describe the monoclonal antibody 265K3F4 produced by hybridoma 
cell line ATCC HB 9222 directed against sci apie-associated fibril proteins. The drawback of 
this method is that by immunizing wild-type mice with PrP, due to self-tolerance, an 
^0 antigenic reaction against many epitopes is suppressed The inventors immunized wilde-type 
mice with purified scrapie-associated fibrils (S/VF). SAF are multimeric complexes 
consisting of PrPSc „,a, are purified by a ullracentrifugation The inventors describe a,> 
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aniibocly. icinicci M'^\, that biiuis oiilv lo liainsicr nncl Iminaii IM' l urilica)ii, the niiiiucn lias 
to be (IcnatuiccI cillier by lomiic acid or SDS lo be delected It is stated (Kascsak ei al 
1987) that llie 31^1 antibody binds to undeiiaturcd SAI' lO-lbId weaker than to roiinic acid- 
denatured SAF ilowcvei, tlie .IIM aiuibody does not distinguish between \'rV^' and PrP^^ 
> Williamson el al (1 9%) have tried lo circiunvent the lack of an immune lesponse U) 

a highly conserved protein by immunizing transgenic mice lacking l»rP (PrpO-'^^-mice) wiih 
PrP, iiowever. without success These authors slate thai after immunizing PrpO/O-mice with 
PrP „ killing these mice for hybridoma production has repeatedly yielded hybridoma cells 
that failed to secrete anli-PrP antibodies beyond a period or48ii". They presume that during 
l<> llie 48 hours after the fusion anti-PrP antibody-secreting clones either are suppressed lo 
secrete fuilher antibodies or die because of an interaction of the secreted antibodies with 
cell-resident PrP. Williamson el al tried lo circumvent (his problem by isolating aniibody- 
coding RNA and constmcling recombinant antibodies by the phage display technique They 
obtained several recombinant antibodies which bind to non-denatured mouse prion rods 
l/i (PrpSc) i„ the ELISA technique, however, much weaker than to denatured lods and only if 
substantial amounts of rods were bound to the wells (0.2ng/well incubated with 5ug/ml 
antibody). However, these recombinant antibodies do not detect native PrpSc i„ non- 
denatured histoblots. Thus, the necessity of purifying PrpSc before antibody detection 
complicates the use of their immunolgical detection method. 
^" Krasemann et al. (1996) have made monoclonal antibodies by means of 

immunizing PrpO/O-mice. After DNA-immunization by injecting the DNA coding for the 
human prion protein directly into a regenerating muscle the mice were subsequently boosted 
with Semliki Forest Virus particles containing recombinant human prion protein. The 
authors present hybridoma cell lines producing monoclonal antibodies that bind to the native 
25 and denatured normal human prion protein I he binding of these antibodies to the native or 
denatured disease-specific prion protein, however, is not demonstrated. Furtheion. the 
obtained antibodies bind to a peptide ELISA system, however an ELISA lo normal or 
disease-specific prion protein is not shown 

We are now the first to show that immunization of PrP knockout mice with 
30 liighly purified recombinant PrP followed by fusion of spletiocyles from these mice with 
myeloma cells lesulted in hybridoma cell lines that secrete highly specific antibodies to both 
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I'..' ,s„,o,„,s „.„.'■ „„„ ,,„..Sc, „, „^ ^^^^^ ^^^^ ^^^^^^ 

.l.«c a„„bocl,es, highly .peclic ,„„nu„„l„g,c,l ,es„„e f<„ „„.,„ ,|,«,se w„ cleveb„ed 

Object of Ihc Invention 

It is an.obicc, of.l.e present invention to overcotne the drawbacks and failures 
pnor art and to provide n.onoclonai antibodies fron, stable hybrido.na cell lines wl.ici 
be used in the diagnosis and therapy of prion diseases 



of 
I can 



Sunimaiy of the invention 

Surprisingly ,he drawbacks of .he p„c, ar. can be overco.ne by i,n,nu„iza,ioh of 
PrPO'O ^^.^^ ^^^^^^^ ^^^^^^^ 

splenocy,.s fron, ihese .nice „i,h „yclo™ cells. The ,esul,ine hybrido.na cell lines are 

surp„si„g,y suble and secreie highly specific antibodies .o both PrP isolbrms (PrpC and 
PrPSc, i„ „„i, ^^^^^^^ ^^^^ ^^^^^^^^^ ^^^^^ 

.l.e develop,nen. of highly specific inrmunologrcal ,es,s for prion diseases and o.her 



purposes. 



The present invention concerns a tnonoclonal antibody or a fragment thereof capable 
of speciftCly binding to tecotnbinan, bovine prion protein, and native and denatured 
normal PrpC or disease-specific prion protein PrpSc i„ antigen-antibody complex 

The present invention concents further an anhbody or a fragn.e,,, therof capable of 
spectfically binding ,o the binding region (idiotype) of said antibody 

The present invention concerns toher a hybridoma cell line capable of producing a 
tnonoclonal antibody capable of specifically binding to recombinant bovine prion protein 
and native and denatured normal PrpC or disease-specific prion protein PrpSc in 
antigen-antibody complex 

Ti.e present invention concerns further a recombinant expression vector for the 
expression of recombinant bovine prion protein. 

The present invention concerns further a highly purified recombinant bovine prion 
protem. which may be in reduced or oxidized form. 

The present invention concerns further a method for the production of an antibody 
as menttoned above, comprismg culturing a hybridoma cell line as mentioned above and 
'solatmg the monoclonal antibody from the supernatant 
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Tlic picsciil invcmioii concerns luiilicr a inclhtKl (be ll.c pioducuou of a liybriclon.a 
cell Imc as mentioned above, comprising administering to PrP^^/'^ mice (knockout mice 
vv.ilKHit a runctional PrP gene) an immuni/ing amoum of recombinant pno.i protein as 
mentioned above, removing the spleen Iroin the immunized mice, rccovermg spienocyies 
^ therefrom, fusing the latter with I'3X63Ag8U 1 hybridoma cells ATCC CRL I 597. growing 
the cells in a selection medium, screening (he cells with recombinant I'rP and isolating the 
positive cells 

The present invention concerns further a method for the production of an expression 
vector as mentioned above, comprising amplifying DNA from bovine genomic DNA coding 
10 for PrP by means of N- and C-terminal ptimers. and inserting the amplified DNA coding for 
I'rP m the correct reading frame into an expression vector. 

The present invention concerns fuilher a method for the production of recombinant 
bovine prion protein comprising cuituring microorganisms or cell lines with an expression 
vector as mentioned above in an appropriate culture medium and isolating and purifying the 
15 recombinant protein. 

The present invention concerns further a test kit for the diagnosis of prion diseases 
The present invention concerns further an immunological detection procedure for 
the diagnosis of disease-specific prion proteins. 

The present invention concerns further a pharmaceutical preparation for the therapy 
20 and prevention of prion diseases comprising a monoclonal antibody as mentioned above and 
pharmaceutical carrier. 

The present invention concerns further a method for the therapy or prevention of 
prion diseases comprising administering to a patient sufTering from such disease or being 
likely to becoming a victim of this disease a therapeutical or preventive amount of a 
2.'! monoclonal antibody as mentioned above 

The present invention concerns further a method for clearing biological material 
from prions comprising treating said material with a monoclonal antibody as mentioned 
above 
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Figure I. Wcslc.n blot of bovine Prl'C/Prl-Sc v,,,,,^,, ^^Mg) and aflcr treatment with 20, 
40, 80 or lOOMg/ml of proteinase K for Ih at 37°C. The blot shows that bovine PiPSc j,, 
homogenatcs from thalamus (left) and spinal cord (right) of BSn-d,seased and normal cattle 
is protease-resistant al several concentrations as compared to bovine I'ipC Staining with 
mAB 6H4 followed by peroxidase-Iabelled anti-mouse igG antibody Peroxidase activity 
was detected by ciieniilimiinescence. 

b. Western blot of different tissue homogenates from normal cattle PrP in white 
blood cells is recognized by the niAB 34C9 

Figure 2. Western blots of brain homogenates from difTerent species, 
a: mAB 6H4 stains PrP of all depicted species, 

b: mAB 34C9 does not stain PrP from hamster and sheep; mouse PrP staining is weak. This 
dilTerential staining is consistent with the sequence homology of the mapped epitopes of PrI' 
from different species 

Figure 3. a. ELIFA standard curve. The standard curve shows a linear relation between the 
concentration of recombinant bovine PrP and the OD450 with a background below 0.5 ng/ml 
rbPrP. Detection was with mAB6H4. 

b. Results ELIFA. Both, the brain homogenates from noimal and BSE-diseased 
cattle have high total amount of PrP as measured by the OD450. However, while in BSE- 
brain there is a substantial amount of protease K-resistant PrpSc, no such PrP can be 
detected in normal brain. 

c. Results ELISA. Both, the brain homogenates from normal and BSE-diseased 
cattle have high total amount of PrP as measured by the OD„o. However, while in BSE- 
brain there is a substantial amount of protease K-resistant PrpSc, no such PrP can be 
detected in normal brain. 

Empty column: without proteinase K treatment 
black column; afler proteinase K treatineiit 
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•■'iSiirc 4. SchcMiic captiirc liLISA and nuilliincric \'r\'^^ See also text 

a .nonon.eiic i'rpC has no additional Imuling sites since the only l.inding site is 
occupied by the coating antibody 

b niultitneric disease-specific PrpSc has additional binding s.les for the delecting, 
peroxidase-labeled mAB 6M4 (POD) or I5B3 (POD) 

Figu.c 5. Scheniat.c .nap of piasn.id pbPrPJ The insert PrP OIU^ co..esponds to SllQ ID 
NO I with the restriction sites Nde I and Bainll I. 

Figure 0. o. Wester., blots of normal bovine brain homogenates and recombinant bovine 
PrP mABs 6H4 and 34C9 recognize both bovi..e PrP and rbPrP. whereas mAB I5B3 
recognizes only rbPrP. Recombinant rbPrP runs lower and sharper than PrP from brai,. 
homogenates because it is not glycosylated 

b. Conformation-sensitive ELIFA of brain homogenates from BSE-diseased and 
normal cattle at different denaturation states. Staining with mo.ioclonal antibody I5B3. in 
the native state, mAB I5B3 stains only bovine PrpSc a„d not PrPC. 

Figure 7. Epitope mapping on the peptide library for bovine PrP: 

a: mAB 34C9 recognizes peptides Nos. 59 to 63 of the peptide libraiy comprising 
the epitopes of amino acids 149 to 153 (Leu He His Phe Gly; SEQ ID NO 5) of bovine PrP 
according to Goldmann et al. (1991) corresponding to amino acids 126-130 in SEQ ID NO 

2. 

b: mAB 6H4 recognizes peptides Nos. 64 to 66 of the peptide library co.nprising 
the epitopes of amino acids 155 to 163 (Asp Tyr Glu Asp Arg Tyr Tyr Arg GIu; SEQ ID 
NO 6) of bovine PrP according to Goldmann et al. (I99I) corresponding to amino acids 
132-140 in SEQ ID NO. 2. 

c: .nAB 15B3 recog.iizes 3 disti.ict arrays of peptides: Nos. 62 to 65 of the peptide 
library comprising amino acids 1 53 to 1 59 (Gly Ser Asp Tyr Glu Asp Arg. SEQ ID NO 7). 
Nos 73 to 75 comprising amino acids 173 to 181 (Tyr Tyr Arg Pro Val Asp Gin Tyr Ser. 
SEQ ID NO 8) and No 102 comprising amino acids 225 to 237 (Cys lie Thr Gin Tyr Gl.i 
Aig Glu Ser Gh, Ala Tyr Tyr; SEQ ID NO 9) of bovine PrP according to Goldmann et al 
(1991) 



11 



VVO *>8/372|0 



pc"r/r.r98/009i7 



I'igurc «. ln,n,uMop.cc.p„at,OM cl' l„,v,„c. mk.usc and human P,|' w„h rnonudonal 
an..luKi,c.s .SB3 and 6H4 The supen.a.an. cf a ccn.nluged homogena.c .Km, „,e 
...edullH of two d.nerent BSlI-diagnosed o. .wo nonnal annnais was incubated w.th 
an.-bodies 6II4 or I5I33 AiUibodies were prec.p.tated w.th protein A (15B3) of protein G- 
agarose (6H4) As a control, protein A only was incubated without antibodies. Precipitates 
were analysed on a western blot for the presence of PrP using a polyclonal rabb,, antisemm 
.o bov„,e PrP and goat-anti-rabbit Ig coupled to alkaline phosphatesc Signals were 
developed with che.niluminscence substrates Crossreact.on of the secondarv antibody with 
nnmunoprecpitated mouse inm.unoglobulins leads to the pron,inent band a, about 50K 
Note the 50 K band characteristic for PrP So „, ,,33 ^^^^ 
immunoprecipitations. b. Proteinase K digestion of PrP BSE in.nunoprecipitated with mA 
I5B3 Undigested and digested bovine brain hon,oge.iates were compared to proteinase K 
digested immunoprecipitates with protein A-agarose only or with I5B3. The sharp band at 
3 IK represents a crossreactivity of the secondary antibody with proteinase K The same 
.mn,unoprccipitates and method of analysis were used as n, a c. Immunoprecpita.ion of 
mouse PrP Sc „,^, ,533 „„„„^,„,^^^ j,^^,^^^^^,, ^^^.^^ ^^^^^ ^^^^ ^^.^^ 

(normal (*/*) or scrapie infected (+/4-Sc)) were immunoprecipitated with mAB 15B3 or 
protein A-agarose only and analysed by western blotting as described Digestion with 
proteinase K after (a) or before (b) the immunoprecipitation is indicated Detection of PrP 
was done as described, d. Immunoprecipitation of human PrP CJD .vu,, ,533 3^^. , 
hon,ogenates (cerebellum) fron, nonnal persons or CJD patients type 1 (ref 10) were 
immunoprecipitated and analysed as described for a Two representative examples fron. a 
total of 4 normal persons and 4 CJD cases are shown 

SEQ ID NO 1 shows the 660 base pair sequence encoding the bovine rPrP obtained fro.n 
genomic bovine DNA by PGR amplification 

SEQ ID NO 2 shows the amino acid sequence of recombinant bovine rPrP which comprises 
amino acids 25 to 242 of the bovine PrP open reading frame (Goldn.ann et al . 199 1 ) 
SEQ ID NO 3 shows the N-terminal sense primer, and 
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-SI-.O 10 NO '1 sliows the C -terminal aiiiisciisc |)rimci flicsc piiincrs coin|)iise a Nde I 
icslnctioM site at the S'-ciid and a Bamll 1 rcstriciioii site at tlic ;r-cnd in (lie I'CR-ampliCied 
bovine I'ri'-DNA 

SliQ lU NO 5 shows the amino acid sec|ueticc common to peptides 59 to 63 of the peptide 
lybraiy recognized by mAB 34C9. 

SEO ID NO 6 shows the amino acid se(|uence common to pc|)tides 64 to 66 of the peptide 
lybraiy recognized by mAB 6H4. 

SEQ ID NO 7 shows the amino acid sequence common to peptides 62 to 65 of the peptide 

lybraiy being the first of 3 partial sequences recognized by mAB 15 B3. 

SEQ ID NO 8 shows the amino acid sequence common to peptides 73 to 75 of the peptide 

lybrary being the second of 3 partial sequences recognized by inAB 1 5 B3. 

SEQ ID NO 9 shows the amino acid sequence common to peptide 102 of the peptide 

lybraiy being the third of 3 partial sequences recognized by mAB 15 B3. 

Dctniled Description of the liivcnlioii 

In the following detailed description the spirit and scope of the invention will 
become more clearly explained and understood. 

The iiionodonal antibodies 

A monoclonal antibody according to the invention is intented to bind to. to detect 
and qualitatively and quantitatively measure the presence of epitopes of prion proteins 
whether they are in soluble or insoluble form in various tissue specimens such as 
homogenates or sections of brain, spleen, tonsils, white blood cells or others and body fluids 
such as blood, cerebrospinal fluid saliva, urine or others. The present mABs bind to 
epitopes of amino acids in a row or to epitopes of amino acids on difi-erent loops of the 
three-dimensional struture of native PrPs which are spatially close to each other. A 
particular group of the present antibodies binds only to native disease-specific PrP and not 
to native normal PrP. 

Ajiy known mABs which would fall under these definitions are exempted and 
disclaimed. 

The term monoclonal antibody comprises also chimeric monoclonal antibodies 
iiaving similar properties, which are derived from difTerent animals, such as human/mouse 
chimeric antibodies or any other chimeric molecule comprising the antigen-binding part of 
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llic muiK.donal antibody (idiotypc) with cihei inulccules such as ai.tihodv l.aiimciiis o| 
other monoclonal antibodies or enzymes 

A fragment of a monoclonal aniibiKly comprismy the binding part of the monoclonal 
antibody (idiotype) likewise capable orspecilically binding the antigen and is termed l-ab or 
(l"ab ), depending on whether the monoclonal antibody is digested with papain or pepsin, 
respectively. 

A synthetic antibody or fragments tliereof designed according to the amino acids or 
substituted homologous amino acids composing the idiotype responsible for binding the 
antigen Homologous amino acids are defined as exchanges within the following five 
groups. I Small aliphatic, nonpolar or slightly polar residues: alanine, serine, thieonine. 
glycine, proline; 2. Polar, negatively charged residues and their amides: aspatlic acid, 
asparaginc. glutamic acid, glutamine. 3. Polar, positively charged residues: histidiiie. 
arginine. lysine; 4. Large aliphatic, nonpolar residues: methionine, leucine, isoleucine, valine, 
cysteine; 5 Large aromatic residues: phenylalanine, tyrosine, tryptophan. 

Preferred monoclonal antibodies are those named 6H4. 34C9, I5B3 which are 
produced by hybridoma cell lines DSM ACC2295, DSM ACC2296 and DSM ACC2298. 
respectively 

The antibodies and fragments thereof are essential tools for immunological detection 
procedures based on the binding of the prion protein to the presented monoclonal antibodies 
in an antigen-antibody complex. The monoclonal antibodies of the invention react with 
recombinant bovine PrP as well as native or denatured PrpC and PrpSc whether they are in 
soluble or insoluble state. The tnonoclonal antibodies react furtheron with PrP from 
different species, for example humans, hamsters, pigs, sheep, cattle and mice. 

Furthermore, the present antibodies by forming an antigen-antibody complex 
between the presented monoclonal antibodies and the prion protein can be used to inhibit 
neurotoxic and infectious properties of the disease-specific prion protein. 

Anti-idiotype antibodies 

The invention concerns further anti-idiotype antibodies which are antibodies that 
bind with their binding region (idiotype) to the binding region of the original mo.ioclonal 
antibody. The anti-idiotype antibody mimicks features of the original antigen, in this case 
features of PrI' Anti-idiotype antibodies are raised as polyclonal antibodies (seaim) or 
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inc>iu)cloiial aruibociics (ioii) animals ijnmuni/.cd with ilic |)icrcrrcd atitibodics accordiiit; U) 
the iiivenliun Anti-idiotypc anlibodics are valuable iciols tn detecliim and hiockint- 
interactions of the original antiyen (Prl>), particulaily interactions with receptors and can 
therefore be used in pi cvcntion and therapy of prion diseases 

1 lie liybridoiiia cell lines 

A stable hybridoma cell line according to the invention is capable of producing a 
monoclonal antibody as defined above over a prolonged time period of at least 6 months. 
Such cell lines are derived from the fusion of a spleen cell expressing the antibody derived 
from mice lacking a fijnctional PrP gene, and a myeloma cell of mice providing survival of 
the Rised cell line. 

Prefered hybridoma cell lines are DSM ACC2295, DSM ACC2296 and DSM 
ACC2298 The first two cell lines were deposited unter the Budapest Treaty on February 
06. 1997 at the Deutsche Sammlung von Mikroorganismen und Zellkulluren GmbH. 
Mascheroder Weg lb, D-38124 Braunschweig, a recognized public depository for strains of 
microorganisms. The hybridome cell line producing inAB I5B3 was deposited February 13, 
1997 unter number DSM ACC2298 at the same depository. 

The expressiun vector for recombinant bovine prion protein 

An expression vector for the expression of the recombinant bovine prion protein is a 
DNA vector, based on the pETl la vector by Novagen comprising essential sequences for 
expression in the respective host, e.g.a T7-proniotor and the DNA coding for the bovine 
prion protein from codons 25 to 242 with an additional codon ATG at the 5 '-end the PrP- 
coding DNA and sequence for selecting, eg. the ainpicillin gene, multiplication and 
termination.. 

Preferred expression vector is pbPrP3 as shown in Figure 5. 

The recombinant bovine prion protein 

The present recombinant bovine prion protein consists of the amino acid sequence 
30 ID No:2. It may be unglycosylated or glycosylated. 

The present recombinant bovine prion protein PrP is purified to a homogeneity of 
>98% It can be present in oxidized or reduced form. In the oxidized form the single -S-S- 
bridge IS present whereas in the reduced form two SH groups are present instead fhe 
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i""i'u> acid scciueiicc cC the picscni iccoinhii.aiil bovine I'lP ,s sl.ovvn by II) No 2 The 
l"c..c,n .s glycosylalcd ,1 expressed ,n a uivcc.sylaln.g cukaryot.c cell l.ne. such as Chinese 
llamste. cells or unglycosylalcd il expressed in a procaryoi.c cell line, such as Escherichia 
coh Mixtures of oxidized and reduced fonn are also comprised The oxidized lorn, has the 
molecular weight of 23676,8 Da and the reduced forn, 236886 I Da as determined by 
electrospray mass spectroscopy The present full le.,g(h recombi.mnl bovine prion protein is 
unique m terms of its homogenity, since other groups in the art have reported of being 
unable to purify homogenous full length recombinant prion protein of otiier species 
(Mehlhorn et al.. 1996, Riek et al., 1996) 

The reduced form of the recombinant I'rl> is particularly interesting since it has been 
reported to contain more P-si,eet seconda.y stmctures than the oxidized form (Mehlliorn et 
al . 1996). hence mimicking stmclural features of PrpSc; However, the .educed 
recombinant isoforms have been reported to be neither protease-resistant nor infectious 
(Mehlhorn et a!.. 1996). 

A native prion protein PrP is the prion p,otein in a fully folded state, i.e. the three- 
dimensional strxicture is ptesent. Only in the native, i e. folded stale PrP isoforms are 
different (normal native vs. disease-specific native PrP) 

A denatured prion protein is the prion protein in the unfolded state. Unfolding is 
usually achieved by the addition of chaotropic substances such as urea or guanidinium 
hydrochloride. In the denatured state, both PrP isoforms are irreversibly the same, even if 
they have been normal native or disease-specific naliv before. 

An antigen-antibody complex is a physical attachment of an antibody or fragment 
thereof with the corresponding antigen by intermolecular forces because the surfaces match 
in a unique way. The matching surface on the antibody is called idiotype and the surface on 
the antigen is called epitope. 

Suitable epitopes detectable by the present antibodies are for example linear amino 
acid sequences having from about 3 to about 15 amino acids in a row or are completely 
three-dimensional ("patch") in that distant amino acid residues of the linear peptide 
backbone of the protein are. due to the unique folding, veiy close together in space to forn, 
an epitope 
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I he mctliod (oi ilic [»i odiiclioii of an aiKihody 

I lie present mclluKl for the production of an antibody according to the invention 
comprises cnliuring a hybridonia cell line as inentioneci above and isolating the nionoclotial 
antibody fioni tlie supernatant of the growth media. 

Ciilturing is carried out in flasks in HT- medium or in a cell culluriiig system called 
,.lechnomouse" in serum-free, synthetic medium (Turbodoma medium, supplied by Messi, 
Zurich) In a ..technomouse" hybiidoma cells are cultured in a sterile chamber surrounded 
by a protein-impeimeable membrane that is perfused by the respective medium in a constant 
flow lale (for example, lurbomedium at 80 ml/h), antibodies are collected from the chamber 
with the help of a syringe at l egular intervals. 

Isolation of monoclonal antibodies is carried out by extraction from the supernatant 
by conventional biochemical methods, eg. by use of afllnily columns with the 
corresponding immobilized antigen or by any other method used in the ai t. such as gel 
filtration or ion exchange chromatography. In the ..technomouse" supplied with seivm-fiee 
tuibomedium antibody concentrations and purities are achieved that need tio further 
extracting procedures. 

Chimei ic antibodies and fragments thereof can be produced by genetic engineering 
iTiethods. e. g. by sequencing the antibody or the desired fragment -thereof and constructing 
DNAs coding for the chimeric antibody or the fragment thereof which DNAs are inserted 
into an appropriate expression vector and expressed to produce the antibody or the 
fragment thereof in both procaryotic or eukaryotic cell lines. 

A fragment binding to a PrP epitope can be combined with a human heavy chain to 
produce chimeric antibodies for use in humans as therapeutic or preventive agents against a 
prion disease. A fragment binding to a PrP epitope can also be combined with other 
enzymes, proteins or molecules to give rise to chimeric molecules combining the biological 
functions of these, for example for targeting an enzymatic activity to a place defined by the 
proximity of the PrP epitope. 

The method for the production of a hybridonia cell line 

The present method for the pioduction of a hybridoma cell line comprises 
administering to PrpO/0 .ni^e (knockout mice without a functional PrP gene) an immunizing 
amount of a recombinant pure prion protein PrP, removing the spleen from the immunized 
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nncc. iccoveiing splcnocyics thcrdiuiu, lusing (he latter will, .-.ppiopruitc nivdoii.a cells, 
growing the cells in a selection medium which does nul support suivival of the unCuscd 
cells, c g. in HAT medium, screcmng the supematanls of the surviving hybridoma cells with 
recombinant PrP for the presence of antibodies to delect recombinant bovme PrI' by an 
ELISA procedure and to deteci native bovine PrpSc by a conformation-sensitive ELIFA 
procedure and isolating the positive cells I'ositive iiybiidon.as were selected and cloned 
twice by the limiting dilution method before the antibody was characterized and (he epitope 
was mapped on a peptide library 

The peptide library used is commercially available from Jerini Biotools (Berlin 
Germany). It consists of 104 spots with peptides of 13 amino acids, whereby the sequence 
of each peptide overlaps with 1 1 amino acids of tlie foregoing peptide. 

All immunizing amount of a recombinant bovine prion protein is from about 50 to 
100 yig It is administered dissolved in an appropriate solvent, e. g. PBS and Fieund s 
adjuvant several times, e. g. three times, subcutaneously followed by an intraperitoneal and 
an intravenous injection ultimately prior to spleen removal. 

The PrpO/0 n^i^e were a giR from Prof Weissmann of the University of Ziiricli 
They were obtained according to Bueler et al. (1992) 

Appropriate myeloma cell are for example P3X63Ag8U. 1 deposited and available 
under ATCC CRL 1597. 

Recovering spleen cells and fusion conditions follow standard procedures, for 
esample as described by Kennett (1980). 

The method for (he production of an expression vector 

The method for the production of an expression vector comprises inserting a DNA 
coding for PrP in the correct reading frame into an expression vector. One of the structures 
of the DNA coding for PrP is shown by SEQ ID N0:1. This DNA can be obtained by 
amplifying DNA from bovine genomic DNA coding for PrP by means of the N- and C- 
lerminal primers shown by SEQ ID NO: 3 and SEQ ID NO: 4 . respectively. Bovine 
genomic DNA is isolated fron. bovine kidney cells and supplied by Clonentech. U S A 
Degenerate allelic forms of this DNA coding for the same PiP may be used Furthermore, 
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iaiL;eic(l mutations can be introcliiccd niin the I'll' DNA to give lisc lo distinct 
conrorniational isoforins of the ti ansiaieci gene piocliici 

Tlic production of a piirincd rccoiiibiiiniK bovine I'l l* 
^ Tiie production of a purified reconibiiiaiit bovine IhV comprises culturini; a cell line 

with an expression vector capable of expressing the bovine I'rP in an appropriate culture 
medium, sucli as in the case of E. coli in Luria brotii medium, isolating the VtV protein from 
the inclusion bodies by lysing the cells e g with lysoz.ym and Triton-X-100 in the case of E 
coli, solubilizing the inclusion bodies with urea and and purifying the protein by 

ic convenional methods, e. g by ciiromalography. for example on a anionic exchange 
sepharose column and C4 reverse pliase HPLC column 

The oxidized form is obtained by tieament with an oxidzing agent, e. g. with 
CuzSOa. and the reduced form by treatment with a reducing agent, e. g. p-mercaptoethanol. 
according ot conventional methods. Tiiey can be sejiarated by reverse-phase high pressure 

15 liquid chromatography. 



immunological detection procedure for (lie detection of prion disease 

An immunological detection procedure for the detection of prion disease, especially 
BSE, whereby disease-specific PrpSc protein in biological material of an animal or human is 
detected, comprises treatment of a first probe of said material with a monoclonal antibody 
according to the invention and delecting the mixed PrPQPrpSc. antibody complex, treating 
a second probe of said material first with proteinase K and then with the monoclonal 
antibody according to the invention, detecting the PrpSCamibody complex and analyzing 
the results of both probes. 

A specific monoclonal antibody according to the invention is able to detect PrpSc j,, 

a PrpSc.aniibody complex without prior protease-digestion of the tissue specimen to be 
examined. 

The biological material can be itisoliible or soluble in buffer or body fluids. Jt can be 
derived from any part of the body. e. g. from the brain or the tissue sections, in which case 
it is used in form of a homogenate. or any body fluid, e. g cerebrospinal fluid, urine, saliva 
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01 l.locci In il.c case cl bcKly lluids, lluicl-.cs.clc.u cells, c g winie blood cells m the case ol 
blood cxpressMig ITI' can be purilicd and analyzed cither .n in.nuniohisloclicn.istry or as a 

lioinogciialc 

The detccLon of the V,vSc.^nubo6y complex is carried out in particular by 
-mmunological procedures like the Western blotting. HLIFA. and various ELISA techniques 
such as capture ELISA 

The present immunological detection procedures allow the diagnosis of prion 
diseases W,lh the tools of the present invention, tissue sections, tissue lion.ogenates or 
body fluids of prion-infected animals such as BSE-diseased cattle or humans having the CJD 
can be screened for the presence of the protease-resistant. disease-specific isoform of the 
prion protein in its native form, be it soluble or insoluble. 

Tissue homogenates and body fluids are for example such as fiom biopsy of brai.,. 
lymph nodes, spleens, tonsils, peripheral nerves, cerebrospinal fluids, urine, platelets or 
white blood cells Particular immunological procedures comprise for example, enzyme- 
linked immunofiltralion assay (ELIFA), etuyme-iinked immunoabsorbent assay (ELISA), 
Western blol assay, dot blot assay, immunodecoration and immunohislochemistiy. 

When native bovine PrI'Sc or any other disease-specific prion protein (e.g. ovine 
PrPSc or human PrPSc) has to be used in immunological assays, this can presently only 
successfully be achieved with the antibodies described in the present invention, since the 
present antibodies are the first of their art to be able to bind only native, disease-specific 
PrpSc 



The lest kit for the diagnosis of prion diseases 

The test kit for the diagnosis of prion diseases comprises devices and materials 
enabling the diagnosis prion disease in biological materials, and is particularly suited for 
screening large amounts of samples for the presence of PrpSc One test kit comprises in 
particular one or more monoclonal antibodies according to the invention, purified bovine 
recombn>ant FrP protein as .„entio..ed above, nitrocellulose sheets, microliter plates, or 
microliter plates coated with the monoclonal antibodies according to the invention, a 
seconda.y anti-mouse antibody lhat is coupled with an enzyme and its substrate or any other 
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molccuhii compound loi a dclcction rcaclion (eg a pcn)xidasc-labeicd aiiK-inousc Iu(i 
nnlibody. IMIJ or any other peroxidase subslrale). hvdiogeii peroxide, prolcinasc K. a 
blocking biider, a iioniogenization budbr, a calibration curve and a description of how to 
|)erforni the lest. 

Another test kit is designed in the dipstick format and is without need of radioactive 
tracers, enzymes or substrates and basically reduces the number of handling steps to one 
The one-step procedure involves the captuie of the disease-specific I»rPSc ^^i^i, of the 
atitibodies according lo claim I or 2 which are immobilized on a test strip. Captured 
disease-specific PrpSc detected directly by a second antibody according to the 
invention, which is coupled to particular colloid particles. This specific detector complex 
results in the formation of coloured spots on the test strip which at e visible in less than 30 
minutes depending on the concentration of the test sample. The spots are a permanent 
record of the test result and, upon longer exposure even increase the sensitivity of the lest 
without generating higher background. 



Pharmaceutical preparation for tlie therapy and prevention of prion diseases 

The pharmaceutical preparation for the therapy and prevention of prion diseases in a 
mammal, including humans, comprises an effective amount of one or more antibodies 
fragments therof or chimeric antibodies as described, produced according to the iiwention, 
eventually purified according to conventional methods, and a conventional pharmaceutical 
carrier. An antibody obtained may be solubilized together with the carrier in an appropriate 
buffer, e. g. an aqueous physiological sodium chloride solution. This may be clarified by 
centrifugation and used in concentrated liquid form for injection, or completely dried if 
desired by any of the conventional methods, such as lyophilization, spray or freeze drying, in 
form of a dry powder, which can be pressed into tablets, filled into capsules, or applied as a 
dry powder in form of a nasal spray, whereby conventional production methods are applied, 
and conventional pharmaceutical carriers are optionally added 
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iMclliod ol iiiolctliiiK n iiuiiiiiii:il :i>;:iiiisl prion disease 

Tlic monoclonal antibodies ol'ilic present invention bind to between species liigliiy 
conserved regions in the I'rl' inolccuie that may have funtional significance (Ocscli el a! 
IWl) It is envisioned that blocking this binding site by the monoclonal antibodies. 
IVagmenis thereof or chimeric antibodies as defined above will abolish biological effects of 
prions Blocking of the infectivity of prions by occupying distinct sites on the disease- 
specific form of PrP is foreseen to represent a therapeutic strategy in treating prion diseases 
or a preventive strategy in preincubating suspected prion-infected tissue specimens witii the 
present monoclonal antibodies The normal form of PrP appears not to be of vital 
importance in tiie living animal because mice with a deleted PrP arc viable (Bueler et al., 
1992) Aiiti-PrP antibodies may therefore be used without side effects to neutralize pi ions in 
liumans or animals. 

The piesent invention concerns further a metliod for the therapy or prevention of 
prion disease or a disease mediated by the neurotoxic effects of prion proteins or fragments 
of prion proteins, comprising administering to a patient suffei ing from such disease or being 
likely to becoming a victim of this disease a therapeutical or preventive amount of a 
monoclonal antibody, a fragment thereof or a chimeric antibody as dcsci ibed above. 

The method of protecting a mammal, including a human, against an infectious prion 
disease according to the present invention comprises administering one or a combinantion 
of the present antibodies, fragments thereof or chimeric antibodies or a pharmaceutical 
preparation comprising the antibodies produced by the present invention. The 
pharmaceutical preparation is preferably administered by injection, e. g. intrathecally (into 
the cerebrospinal fluid), into the blood with respective pharmaceutical agents or methods 
increasing the permeability of the blood-brain barrier or as a chimeric antibody, fused to. or 
containing additional signal sequences that allow passage through the blood-brain barrier 
(for review see Friden. 1994). An intranasal application of the monoclonal antibodies, 
fragments or chimeras thereof is also possible. 

The pharmaceutical preparations have to be administered according to the judgment 
of the physician in amounts depending on the concentration of the antibodies comprised 
thereby and the route of administration so that a protective or curative effect is obtained 
The amounts and method of administration are to be selected further depending upon the 
age and weight of the patient, the nature and severity of the infection as well as the general 
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cund.tu.M (,l il,c pni.cn. In general .1 rs sudicen. u. adinnnsie. (he antibodies in aimu.nts ,.| 
about I H) 100 nig per palicnt in a single or in repealed doses 

Method for deariiig biological material from prions 

The metl)od for clearing biological material froi., prions, e. g, intended lor 
transplantation, substitution of biological material or otal co.tsuniption, comprises treating 
said material with one or several n.onoclonal antibodies according to the invention such that 
prions or prion proteins or fragments thereof become functionally inactivated in terms of 
their infectivity and/or neurotoxicity. The pharmaceutical preparations described above may 
be used for this purpose, whereby the pharmaceutical carrier may be replaced by a suitable 
other solvent in case the biological material is not intended to be used for transplantation. 

The following examples serve to illustrate a particular embodiment of the invention 
but they should not be considered a limitation thereof. The immunological procedures 
outlined are made for the diagnosis of BSE in cattle, however, these procedures can also be 
applied for prion diseases in humans or animals such as sheep, hamsters or mice. 

Metliod for protecting an animal or a hiiniaii by iminui.ization witli recombinant VrV 
The metliod for protecting animals or humans from infection with prions consists of an 
appropriate formulation of recombinant PrP of the appropriate species with an 
immunostimulator such as Freund's adjuvans. To protect against BSE, inmiunization is done 
with bovine PrP. against CJD human PrP is used, against sheep scrapie sheep PrP is used. In 
general, the PrP of the species where the the prion originated is used for immunization 
Immunization induces the B-Iymphocytes to produce antibodies reacting with PrpSc. Such 
antibodies (of which 15B3 is a prototype) will be present in bood and lymphatic tissue and 
thereby bind and neutralize prions infecting a human or animal through peripheral pathways 
such as through skin lesions for exan.ple after accidental puncture with a needle or knife in a 
l.ospital or a slaughted,ouse. The amount and type of PrP to be used for immunization will 
be detei mined according to the age and weight of the human or animal as well as the source 
of prions. 
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l-xninplc" I. iiiiiiuiiiolo^iciil diiiKiiosis <.! prion diseases iisiiif; (issue liorii iiilcctcd 
:iiiitii:ds 

l'rl'< 'and I'll'^c can be di.slinguisiied according to llici. difTcieni scnsiliviiy k, 
digestion will, protease K Undigested I'rpC and PrpSc u^„^ a .nolecular weight of 33-35 
i<J:>a Upon incubation will, proteinase K PrpC js .eadily digested wliile I'rpSc ,.s panially 
resistant, i.e the N-lerminus of I'rpSc i, ,e,„oved leading to a shifl in molecular weight 
fion, 33-35 kDa to 27-30 kD (Oesch et a! . 1985). Proteinase K is therefore used to digest 
the tissue specimen to be examined However, monoclonal antibody 15B3. detecting a 
conformational epitope specific for the disease-specific isoform PipSc niay even be used 
without prior protease digestion 

Example I.I. Met hod for the preparation oflissue liomogeiiales 

One gram of brain, either from the lhalamus. medulla or spinal coid, were 
Ijomogenized with an homogenizer (Omni, USA) in 10 ml 10% sucro.se, 20 luM IlEPES pH 
7.5, 2% sarcosyl and 5 mAI EDTA 10% homogeiiates were diluted 10 fold; one part of the 
homogenate was digested with proteinase K at 0. 10 or 100 ng/ml. The probe containing 0 
Hg/ml served as a control for the specificity of the proteinase K ti ealment. Probes were then 
further diluted (in PBS) for the ELIFA test to give a blotting concentration of 0.05% of 
brain homogenate. To increase the partial protease resistance of bovine FrPSc, brain 
homogenates from BSE-infected and normal cattle was diluted arter homogenization in 20. 
40 or 80% ethanol /HEPES-sucrose bufTer. Suspension of brain homogenates in ethanol 
was an important step and effectively stabilized the P-sheet structure of the PrpSc isoform 
(Oesch et al., 1994). thereby increasing its protease resistance (Riesner et al.. 1996). 



Example 1.2. Western Blotting 

Tissue specimens were homogenized as described in example 1.1. one part 
protease-digested, the other not (as described above), diluted to 10% and separated by SDS 
polyacrylamide gel electrophoresis (SDS-PAGE) on 12% gels (Sambrook et al . 1989) 
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Ciels were then ciccirobloltcci onto 0 4S nilioccllulose (NC) ineinbiaiies, iiicubalcd with 
the lespeclivc monoclonal antibodies Ibllowcd by a secondary anii-niousc IgCi antibody 
coupled to peroxidase Bound peroxidase activity was detected with a cticniilumincscencc 
kit (ECL, Anicrshain, USA) 
5 Western blots developed with antibodies 6H4 or 3AC9 (Figure lA.) show ilie 

characteristic smear of bands for V\V^ and bovine PrP^^ (33 to 27 kD) in undigested 
probes while digestion witii proteinase K eliminates all of PrP^, however, leaving a 27 kD 

band typical of N-terminally truncated PrpSc, The smear is due to difTerent glycosylated 
forms of PrP. 

i** The present antibodies were furthermore able to detect PrP in various tissue extracts 

from humans, cattle, pigs, sheep, mice and hamsters (Figures IB., 2). Given that the 
epitopes of our antibodies are highly consei-ved (Oesch et al., 1991), we expect our 
antibodies to stain PrP from other species such as rat or marsupials as well. 

15 

Example 1.3. ELIFA (Enzyme Linked Imiuiino Filtratioii Assay) 

The ELIFA procedure to determine quantitatively the amounts of PrpC and PrP^^ 
in given tissue homogenates lias been described for hamster brain homogenates (Oesch et 
20 al, 1994). Blotting directly on nitrocellulose has the advantage over the conventional 

ELISA procedure that the poor solubility of bovine PrPSc does not affect its immobilization 
on the solid phase. Blotting was performed with an ELIFA apparatus (Pierce), i.e. a 
peristaltic pump created a vacuum below the NC thereby sucking the contents of the wells 
above onto the NC in a controlled and highly reproducible way. Wells were then washed 

25 with PBS. The memb rane was removed from the ELIFA apparatus, placed in a plastic tray 
and then incubated on a rocking table sequentially for the indicated times with the following 
reagents (inbetween steps, the filters were always washed 3x with PBS): 5% BSA/TBST 
(30min), avidin (25 |ag/ml, 30min), biotin (2 [Ag/ml; 30min); monoclonal antibodies 6H4 or 
34C9 in TBST (2 h RT or 10 h o/n), secondary, biotinylated anti-mouse IgG (Vectastain, 

30 USA, dilution 1:5000, 1 h RT), streptavidin coupled to peroxidase (Boeliringer, Germany, 
dilution 1:25000, l5-60min RT). 
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In ;m allciruiiivc pmcccluK.:. moiu.cldiwil jiiiIiIkkIios 611') ,.i M( -i liuMinylatcd 
dunniaiing the step w.tli llie l.u.i.nvlntecl sccomlary antibodv Slill ;uhuI.ci |.n.,ceckne 
nivolvecl coupling of .nAlJs 01 1^1 o, }AC9 directly lo peroxidase accouling ,c, ,hc 
manuraciurer (Pierce. USA) Ainplificatioi. of peroxidase activity was achieved by the 
liLAS I -kit according to the iiiaiuifaciurer (Diil'onl. USA) 

Subsequently, the NC was again placed in ti.e ELIFA appaiati.s, a 96-welI 
inicrotiicrpiaie was placed underneath (he membrane, such that each blotted spot 
corresponded to one well in that plate Then the substrate TMB/peroxide (Kieikegaard & 
Perry) was applied into the wells of the ELIFA apparatus and sucked through the membrane 
into the wells of the micotiler plate. The reaction was stopped by ti.e addition of 2M 
HjPO. The extinction was measured at 450 nm witli a reference at 620 nm in an ELISA 
reader 

The standard curve foi the ELIFA (see Figure 3a) was obtained by serial dilutions of 
ultra-puie and defined amounts of lecombinant bovine I'rP (sec below) For the ELIFA- 
procedure. lyophilized recombinant I>rl' was suspended it, an antigen-dilution buffer (IM 
guanidinium thiocyanale and 0.01% human serum albumin in PBS) This bufTer allows 
maximum binding ofrecontbinant PrP to the nitrocellulose membrane. The standard curve is 
essential, since it allows to control both the quality and the reliability of the ELIFA- 
procedure. Furthermore, the standard curve allows to exactly quantify bovine PrPC/PrpSc 
amounts in given tissue specimens (Oesch et al., 1994) (Figure 3b). 

Example lA. Conventional ELISA (Enzyme Linked Immuno Sorbent Assay) 

The antigen (present in a 10% homogenate as described in example 1.1.) was 
incubated for 2 h at RT in 96-well microtiterplates (Nunc, Denmark) Blocking was 
achieved with 5% DSA after antigen incubation. AAer washing, the plate was incubated 
with the biotinylated monoclonal antibody or 6H4 for 2 h at RT. Washing with H,0 and 
PBS was performed before streptavidiii-coupled peroxidase (Boehringer, Germany) was 
applied and peroxidase activity detected with the substrate according to the manufacturer 
(TMB/H,0,; Kierkegaard & Perry) The reaction was slopped by the addition of 2 M 
H.,PO, As for the ELIFA procedure, the plate is read by an ELISA reader al 450 nm with 
a reference at 620 nm As an alterative procedure, peroxidase-coupled monoclonal antibody 
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'>ll'l vvi.s used iMslciul of bidliiivlatcd Mritilx.dv (sec cx.inipk' I ! ) Ain|.l.rK:;,li<.i. ,,( 
I.e.oxidasc activity was achieved l)y llic lil.AST-kii accoidmu t(. die inaiiufaciuiu (Dul'om 
USA) Rcsiills of lliis iinniuiiological lest arc dcpiclcd in figure .1c. 

i:xain|)lc 1.5. Capdirc-ELISA (Enzyme Linked liiiiiiuiio Soibciit Assay) 

l-oi ihc captuic-ELISA. advantage can be taken oftlic mullinieric nature of disease- 
specific PrI'Sc Using the same monoclonal antibody for coating the wells and detection of 
native PrP (e g 6H4) will detect only PrP that exists in multimeric form or aggregated 
stales, since monoineric PrI' will have blocked its single binding site for the detection niAJB 
by the coating niAB. Multimeric PrpSc will be delected because apart from li,e one mAB 
binding site that couples the multimeric PrP to the microtiler plate, other binding sites are 
still present for the detection antibodies (see Figure 4). This pailicuiar procedure of a 
capture-ELISA for PrpSc detection can only be performed with the present monoclonal 
antibodies binding to native PrpSc s\nce upon denaturatioii the multimeric PrpSc 
complexes dissociate inlo nuilliple monomelic, denatured PrP molecules 

For the capture ELISA. monoclonal antibodies according to the invention were 
either covalentiy linked or adsorbed to microtiterplates (Nunc. Denmark). Subsequently, the 
wells were blocked with 5% BSA for 30 min at RT and the procedure according to example 
1.4. followed. 

Examples 2. Experimental details for the production of monoclonal antibodies specinc 
for the native and denatured prion protein 

Example 2.1. Preparation of the ininiunogen 

The following primers were chosen to amplify PrP DNA from bovine genomic 

DNA 

1 N-teiininal sense primer (SEQ ID NO: 3) 

5'-GGGAATTCCATATGAAGAAGCGACCAAAACCTG-3'and 

2 C-tennina! anlisensc primer (SEQ ID N04) 
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1 l.csc ,,.„nc,s were designed ,c. .n.u.ducc .u, Ndc I .eslr.ct.on site at .he S end and 
^' "-.fl I .estnc.K.n s„e a. ,l,e V end u. ,l,e I'CR-ampld-.ed bov.ne ITP-DNA 10 cycles ol 
' -n. ^MX. 2,mn 42"C and 2m.„ 72"C, followed by 4x5 cycles of Im.n 94"C. I,nn, G.V'C 
and 72"C- vvul, augmen.ing durations of 1.2.3 and A m.n were perfonned in a Crocod.le HI 
tlierinocyclcr (Appligene, USA) 

Tl.c I'CR product then digested with the restriction enzyn.es Nde I and BaniH I 
(Boel„„,ger. Germany) The appropriate DNA fragtnent of 650 bp was pur.f.ed on a \% 
agarose gel and l.gated into the pETl la vector (Novagen) previously digested with Nde , 
and Bamlll Ligated products were transfected into C. coH strain DH5a. The appropriate 
clone containing the PrP open reading fra.ne in the pETIla vector was selected and 
subsequently termed pbPrP3 (Figure 5). Sequencing of the PrP sequence in pbPrP3 
confirmed that the sequence of the bovh.e PrP gene in the pET, la vector corresponds to 
the previously published sequence (Goldmann et al.. 1991 ; SEQ ID NO: 1 ) Plasmid pbPrP3 
was transfected into E coli strain BL2I(DE3) (Novagen). that is capable of translating the 
Plastntd n,to a protein For production of bovine PrP. cells were stimulated with 1 niM 
IPTG according to standatd tech.uques (Sainbrook et al.. 1989). Recombinant bovine PrP 
was purified from inclusion bodies. For example, 1 liter of Luria broth medium (Gibco 
USA) containing 100 ^xg/ml atnpicillin was incubated with an overnight culture (4ml) of 
pbPrP3 transfected BL21(DE3) cells. The 11 culture was then grown at 37°C and 250 rp.n 
to an 0D.„. of 0.8. IPTG was added to a final concentration of I mM and the incubation 
was continued at 30"C and 250 rp.n for 31. until the OD... was 1.0. The culture was the., 
centr.fl.ged at 1000 x g for 5 min at RT. The pellet containing the bacteria was further 
processed for isolation of PrP from iticlusion bodies as follows: the bacterial pellet from a 1 
liter culture was resuspended in 100 ml of 2 mM EDTA. 50 .nMTris-HCI pH 7 5 a.,d lysed 
by the addition of lysozyme (final co..cemration 100 mg/n,l) and T.iton-X-IOO (final cone 
1%) for 15 min a. 37"C The.., MgCI. (final co.,c. 15 mM) and DNAse I (final cone 10 
Mg/ml) we,e added. The suspension was shaken at roo.n tcnperature until the DNA was 
digested and the solution was clear (30 min) The solution was then centrifuged at 10 000 x 
g for 30 min at 4% The supernatant contai.^ing all the soluble proteins was discarded and 
tl.e pellet, contain,.,g the inclusion bodies, was homogenized and resuspended in 1/1 QtL of 
tl.e original culture volume contai..ing 8M deionized urea. 10 n.M MOPS pH 7 5 Tins 
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A carboxyinelhyl (CM) scpharosc coluMin (f'hannac.a) was equilibrated first w.,|, 
•he elut.o., bun-cr containing 8M de.onizcd urea. 500 inM NaCI. lOniM MOI'S pH 7.S. then 
with the washing bufler containing 8M deionized urea. lO.nM MOPS pi I 7 A CM 
sepharosc column (50 ml bed volume) was loaded w.,h 100 ml of the solution containing 
the solubilized proteins from inclusion bodies The column was washed twice with 25 ml 50 
inM NaCI. 8M urea. 10 mM MOPS and once with 100 mM NaCI. 8M urea, 10 mM MOPS 
Bovine recombinant PrP was eluted with 500 mM NaCI. 8M urea. 10 mM MOPS SDS- 
PAGli and silver staining showed that at this step only one protein of about 24 kDa was 
ixeseni in the eluent, corresponding to the calculated molecular weight of 23,6 kDa (Figure 
6a) This fraction was then further processed 

Proteins eluted from the CM sepharose were subsequently either oxidized with 10 
HM Cu,SOa or reduced with 2% fJ-mcrcaploetl.anol for several hours before they were 
loaded on a C.-reverse phase liPLC column. The HPLC column was perfused with a 0- 
85% gradient of acetonitrile in 0.|o/„ irinuoroacetic acid (TFA). The oxidized or reduced 
bovine recombinant PrP eluted about 40 or 45% acetonitrile. respectively. The eluted 
fractions were lyophilized (Sambrook et al.. 1989) and redissolved in distilled water 
Electrospray mass spectroscopy revealed single peaks of 23676.8 and 23686.1 Dallon for 
oxidized and reduced recombinant bovinePrP. respectively, indicating a correct and uniforn, 
translation of the bovine PrP open reading frame in pbPrP3. 

Example 2.2: Imiuu.iizalion of animals and hybrido.na production 

Oxidized or reduced bovine l ecombmant PrP or a mixture of both amounting lo a 
total of 100 ug in a single dose (dissolved in PBS) were used to immunize PrpO/0 mice, i e 
mice without a functional PrP gene (Uueler e. al . 1992) that were kindly provided by Prof 
C VVeissmam, University of Zurich. The reduced form of the recombinant PrP was 
i.art.cuiarly inteiesting since ii has been leponed ,u contain more (i-shee, secondar^ 
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.ca„nb.n.u., isoConns have hccn rcponed ,a l>c ncuhc, prc,.ease-,cs,s.a„, .u.r .nfccuus 
(MchlhcMii c( i\\ . 1996) 

Mice .cccvcd .hrec subcutaneous injections (day 0 with Ireund s complete 
ndjuvans. days 21 and A2 with Freund's incomplete adjuvaus) of the antigens in a constant 
lOOMg amount and in a volume of 1 00^1 On day 49. mice were boosted with the antmen 
.".rapentoneaiiy and the next day intravenously with adjuvant I'ertussi Berna (Berna 
Switzerland; extract of Boidetelia pertussis bacteria) On day 50. mice were anes,I,etized 
and decapitated The spleen from immunized mice was removed, and splenocytes were 
recovered Mouse myeloma cells (cell line P3X63Ag8U.I. ATCC CRL 1597; ScharfT. 
1978) were mixed to ,he splenocytes at a ratio of 1 :5 and fused by the addition of 50% PEC 
(polyethylenglycol) for 8 min at RT according lo standard techniques (Kennett 1980) Ceils 
were then wasl.d and grown overnight. The next day. cells were suspended in selective 
medium (HAT) and plated in 96-weIl microtiterplates The selective medium contains 
ammopterin that is toxic for those cells that have not been fused to splenocytes and thus 
eliminates uncontrolled cell growth of irrelevant cells (Kennett. 1980). 

EXAMPLE 2.3: Screening liybridonias for specific antibodies 

Most important was an efficient screening method for antibody-producing 
l>ybndoma cell lines that would allow to detect monoclonal antibodies against native and 
denatured epitopes of both PrP isoforms. as well as conformation-specific epitopes of 
bovine PrpSc The screening for hybridoma cells producing antibodies against PrP was done 
by an ELISA. Western blotting and a conformation-sensitive ELIFA. 

ELISA usi nu lecnmhinant bovine PrP 

96-well microliter plates were coaled with recombinant bovine PrP (0.25 ugAvell) 
for 4 h at RT and then blocked with BSA/II.O for Ih at RT AHer washing with H,0 and 
PBS. culture mediun, from wells containing hybridoma colonies was transfered lo the 
m.ctrot„er plates (50 ul per well) and incubated overnight at 4"C. AHer washing with H,0 
and PBS. bound ant.bod.es were detected with a perox.dase-labeled ami- mouse iuC 
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••"•'l"Hlv (( appdl. Svv.i /.eland) l<,ll„wccl l.v u.l,„m,cin.; <Icicc.,<,m w,iI, IMU/||,(,. 
(KicikcjiM.nd K: I'cny. USA) as described ui example I 1 

Qiialilahvc,.con!briiiatio^^^ 

1% brain hornogcnates of normal and liSi:-i„lcclcd cattle were cither IcH 
undigested or protease-digesled for ti.e DSF. brain l.on,ogcnale and blotted onto a 
...iroceilulose membrane as described by for ti.e tLIFA procedure (see above) (Oesch el al . 
1^94) After blottmg, the membrane was blocked with 5% low-fat milk .n TBST. and 
i.icubated with the a.uibody-conlain.ng culture mediun, Subsec,uenlly. the NC was 
."cubated witi, a secondary, peroxidase-coupled a„,i-n.ouse IgG antibody and developed 
will, a chemiluminescence kit (ECL. Ai„ersham). This technique allowed for detection of 
hybridoma cell lines that produce antibodies against native Prl'C and bovine PrpSc or of 
conformation-sensitive antibodies that distinguish between PrPC and bovine I'rPSc(as 
described for ntAB I5B3 in figure 6b). 

Western Giniilnt. 

Hybridoma cell lines were further selected c, tiie capability of the produced 
antibodies to recognize PrP of brain ho.itogenates and . eco.nbinaiit bovine PrP on Western 
blots. Brain homogenates of various tissues and various species were blotted as described in 

example 1.2. 

It was shown that the prefered mot.oclonal antibody 6H4 recognizes PrP in the brai,. 
Iiomogenates of cattle, mice, hamsters, pig. sheep and humans (Figure 2). 

The prefered mAB 34C9 recognizes PrP in the brain homogenates of cattle, mice, 
pig. and humans (Figure 2). 

It was further shown that both prefered monoclonal antibodies 6H4 and 34C9 
recognize PrP in various tissues such as medulla, spinal cord, lhala.nus, cortex and white 
blood cells (Figures la. b) 

Maupint; of epito pes 

A peptide library consisting of 104 peptides nuntbered I to 104 purchased from 
JeriMi Biotools (Berlin. Germany) was used to map the epitopes that are recognized by the 
nnt.bod.es The peptides are covalently linked to a cellulose n.e.nbrane have each a lenght of 
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I ' '",„,.,. ,,uil^ ,„Kl louche, cove, .he en.nc leoMll- ol li.e . eu....h,..;,nt hov...c p.ion p.nu,., 
Ocliil KM,, sim.i.ig vv.ih l.ys i.vs A,g I'.o l.vs I'ro Civ (.ly (lly irp As.. Thr (ilv (one 
Ict.c, code l<KKI'KI'(i(i(;WNTCi, a.,d c..d...g w.lh (,!„ A.g (,lu Sc. Gh. Ala Ty, I y, (,h, 
A.g Gly Ala Sc. (o..c Icllc. code QRUSCMYYQRGAS) liach pcplidc ovc.laps by II 
a.n.no acids will, ihc next peptide I3ind.ng of antibodies to those peptides can be visualized 
by the ECL system as described for Western blolti.ig in cxa.nple 12 

The monoclonal antibodies of the present inven.ion bound to peptides comprised n. 
the region of hel.x I .n the three-dime.,sio..al model of the mouse recombinant C-ter.n..,al 
prion protein fragment described by Riek et al. (1996) It is hereby assu.ned that this mouse 
recombinant C-terminal prion protein fragment leOects structures of native PrpC, |,as the 
saiTie structure as full length I'rP and (hat the stmclure will be similar in difTerent species 
Based on these assumptions (he following statements are: inAB 6M4 binds (o (he three 
library peptides Nos. 64 (o 66. comprising amino acids 155-163 of (he bovine PrP sequence 
(Asp Tyr Giu Asp Arg Tyr Tyr Arg Glu, Goldmann e( al.. 1991) (Figure 7b). This sequence 
corresponds exactly to (he full-lengd, helix, a struc(u.e (hat is highly consei^^ed between 
species (Oesch et al . 1991) 

mAB 34C9 binds to (he 5 lib.ary pep(ides Nos. 59 to 63 comprising amino acids 149-153 of 
the bovine PrP sequence (Leu He His Phe Gly; Goldmann et al.. 1991) (Figuie 7a) which 
corresponds to a sequence just N-terminai of helix I (Riek et al., 1996). 

As predicted by this epitope mapping, the monoclonal antibodies difTereiitially bind 
PrP from difTerem species (Figui e 2). 

Characterization ofPrpSc conformation-.sp ecific monnrlonal antibody ISRt 

mAB 15B3 recognizes 3 distinct arrays of peptides: Nos. 62 to 65 of the peptide 
library comprising amino acids 153 to 159 (Gly Ser Asp Tyr Glu Asp Arg). Nos. 73 to 75 
comprising amino acids 173 to 181 (Tyr Tyr Arg Pro Val Asp Gin Tyr Ser) and No. 102 
comprising amino acids 225 to 237 (Cys He Thr Gin Tyr Gin Arg Glu Ser Gin Ala Tyr Tyr) 
ofbovine PrP according to Goldmann et al. (1991) 

Monoclonal antibody I5B3 recognizes native bovine PrPSc better (han native 
bovine PrPC (Figure 6b) In this experiment. 10% bovine brain honiogenates of normal 
undigested and BSE-diseased prolease-digested cattle were made as described in example 
I 1 Subsequently, the samples weie diluted to a 0 so/„ homogenate with PBS and 

32 



wo ')X U2I(I 

I'f l/|.l"»«/()()'M7 

NKulMicd ill i7"C lo, 111 ll.c sainpks wcic llicii hloiicci (..Uo ;i inttoccllulosc iiiunl., ;uk- 
vviili ilic (lualitai.vc, cunronnntion-scnsiii vc lil.ll A pioiocol as descnbccl in example ; 
al.ove l„ |--,gurc 6b, it can be see,, llial ISli.l bu.ils lo USE but not I., no.n.al l„a„. 
iK.inogcnaie By Western blotting, I'. I' Iron, bovrnc brain hon.ogenates cannot be cleicttcd 
(riguic 6a) Apparently niAD I5D3 cannot detect PrI' on Weslern blotting even if it is 
assumed tliat proteins denature in sample buder containing SDS before lliey arc loaded on 
tlic gel (Example I 2.; Sanibrook et al 1989) 

These findings point lo the fact that niAB 15B3 binds to a conformation-sensitive 
epitope As can be seen in the binding experiments witii the peptide libraiy, mAB I5B3 
binds to several distant peptides as would be expected for a conformation-sensitive mAB 

The specificity of the antibody I5B3 was further confirmed by immunoprecipilalion 
(Figure 8). While 6114 precipitated I'rl' fron. normal as well as PrpSCcontaining 
i)on.ogenates..l5B3 i)recipilaled only PrpSc f.om infected cattle, mice or humans (Figure 
I A. C. D, respectively). The precipitated I'rl' was shown to be protease resistant (Figure 
IB. CD) For immunoprecipitation. 200 pil 1 % brain homogenates were incubated for 2 h 
at room temperature witli 200 nl 0,25 ^g/ml anlibody-conlainiiig semm-free medium, afier 
inclubalion with additional 50 ^il protein A- or protein G-coupled agarose (for I5B3 and 
6H4. lespectively; Boehringer Mannheim) for 2 h at room temperature, agarose beads were 
centrifuged and the pellet washed according to the rnanufacturei-. Pelleted proteins were 
analyzed on Weslern blots. 



Examples: Reduction ofinfectivity of prions by monoclonal antibod 
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Brain homogenates from BSE-infected cattle are obtained as described in example 
1 I The exact amount of present bovine PrpSc are measured with the help of the ELIFA 
technique or the ELISA technique as descibed in examples 1.3 to I 5. respectively. Serial 
dilutions of this infected brain homogenale are aliquoted. To these serial dilutions are added 
the preferred mABs 6H4 or 34C9 or 15B3. or a mixture thereof, in molar an.ounts 
exceeding the molar amounts of measured I'rpSc jhe mix is incubated for 4li at RT and 
then 100 ^l are injected intracerebrally into the animal Transgenic mice overexpressing 
mouse PrP (tg35, Fischer et al . 1996) are used as an animal n.odel for measuring the 
iiifectiviiy ofbovine PrP^'^ 
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HT-M>c(li„n. ^50 ml Iscovc s .nodir.cci Dulbccco s .necl.un. (GIDCO) 
30 ml slerile human seniin 
5 ml glulamine (200 inM) 
5 ml liypoxamliine (10 mM)/iliymidine ( 1 .5 mM) 
5 ml penicillin (10000 lU/mI)/streptomycin (lOOOO^g/m!) 
250 |.il sterile n-meicaploethanol 
HAT-niediuni HT-medium + 2nvM aminopterin 
I'BS 20niMTi ispM 7.5 

150mMNaCr 
0 05% Tween 20 
TBST 20 inM Tris pH 7,5 

150 niM NaCI 
0 05% Tween 20 



Deposit or Microorganisms 

The hybridoma cell lines were deposited under the Budapest Treaty at the Deutsche 
Samnilung von Mikroorganismen und Zellkulluren GmbH, Mascheroder Weg lb. D- 
381324 Braunschweig, as follows: 

• Hybridoma cell line producing mAB 34C9: DSM ACC2295. deposited February 06 
1997 



2 Hybridoma cell line producing mAJ3 6H4: DSM ACC2296. deposited February 06 
1997 

3 Hybrido-ua cell line producing mAB I5B3: DSM ACC2298. deposited February 13. 



1997 
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